Introduction
Food supply plays an important role in animal population dynamics. It is often a major factor limiting reproductive success and survival (Martin 1987 The two main factors used to explain this increase are a decrease in human pre-dation following the species' legal protection, and the increase in food resources of human origin such as urban waste and fishing rejects. However, the relative contribution of each of these factors to the herring gull population increase has not been determined.
In Great Britain, for some 15 years most herring gull populations have either been declining or have remained stable (Lloyd, Tasker & Partridge 1991), although there has been no increase in human predation. At the same time, the British lesser blackbacked gull Larusfuscus, a close relative with similar demographic characteristics but a more piscivorous diet, has increased by 30% (Lloyd et al. 1991) . From these facts it seems likely that both feeding behaviour and artificial food resources (Furness, Ensor & Hudson 1992; Pons 1992a) are playing a prominent role in herring gull population fluctuations.
To improve our understanding of the relationship between herring gull feeding ecology and population dynamics, we studied changes in adult body condition, fecundity and adult survival rates in a breeding population on Treberon Island, France, during two successive periods.
1. From 1983 to 1988, when at least 78% of the breeders foraged throughout the year at a large refuse tip near the colony (Pons 1992b) . At the refuse tip, food was abundant and dumped regularly. 2. In 1989 and 1990, when the amount of food available at the tip had become limited and unpredictable, because the refuse tip had been partially replaced by an incinerator.
This sudden and known change in food availability at the main feeding site of the colony created a quasiexperimental situation, which allowed a study of the effects of food availability in the light of life-history strategies.
Materials and methods

STUDY SITES
The present study was carried out on Treberon Island (48?18'N, 4?31'W), near Brest in Brittany (France) between 1983 and 1990. In addition, a complete census of the colony was undertaken in 1993. Herring gulls have been nesting on the island since the early 1960s. There were 1640 pairs in 1985, which, when compared to a 1976 census, implied a 14.8% mean annual population growth rate during this period (Migot 1987 ). All year round, the main feeding site used by the breeders was a refuse tip near Brest, 12 km north of the colony. After the installation of an incinerator in December 1988, the quantity of food dumped at this site dropped from about 5 tons to 900 kg day-1 (an 80% decline) and time of dumping became unpredictable (Pons 1992b ). In 1990, only a very small amount of food was available at the refuse tip. As a consequence, the proportion of refuse in the breeders' diet dropped from 80% to 40% (Pons 1994 Lebreton et al. 1992] . To make survival constant between individuals, recapture operations should take place during a period that is short in comparison to the intervals between successive periods of capture, as is the case in the present study. Every year captures were made during the incubation period and all resightings took place inside the colony during the breeding season, mainly in May and June. The CJS model allows a distinction to be made between a bird's survival probability, i.e. the probability that a bird alive at time of capture (i) will still be alive at recapture time (i)+ 1, and its capture probability, which is the complementary probability that a bird alive and present in the study site will be recaptured. The recaptures in this study did not imply physical capture, they were in fact resightings. The present model thus takes account of the fact that a live bird may not be resighted during one or more years. As a consequence, it avoids the biases of ad hoc survival estimates, based on the ratio of the number of birds resighted in year After modelling the resighting rates for males and females separately, the analysis was carried out for both sexes jointly. From the basic model (<Dt*s), which incorporates the main effects of time (t) and sex (s) as well as the interaction between sex and time (st), simpler models were obtained through successive removal of interactions and main effects. A particular model was built to test whether the refuse tip's closure had changed the annual survival rate between 1988 and 1990.
ADULT BODY CONDITION
To obtain an index of the breeding birds' body condition, the adults ringed during the laying period were weighed to the nearest 10 g. Wing length was measured to the nearest millimetre and the total length of head and bill to the nearest 0-05 mm to obtain an index of body size. Data were analysed with a twoway nested analysis of variance to test year and tip closure effects. bation period. The non-breeding fraction of a population is made up of potentially mature young adults and previous breeders that had skipped one or several breeding seasons (Mougins 1991) . We only estimated the proportion of non-breeders among former breeders, using sightings of birds that had been colourringed as breeders on the colony in previous years. Breeders were observed near their nests, whereas in spite of an intensive search of the breeding sites, nonbreeders could only be seen on the roosts near the colony. The age class of ringed birds (i.e. birds of 3 or 4 years or older) was determined from plumage characteristics (Migot 1987) .
Results
PROBABILITY OF SURVIVAL
Basic model PARAMETERS OF FECUNDITY
Breeding biology was studied in two areas on the island, the North (sector H) and the West (sector C) (Migot 1987) . Two measures of fecundity were used: clutch size and the number of fledglings. The first parameter was calculated in sector H from numbered nests checked every other day from the beginning of egg laying to the onset of hatching. Production of young was calculated in sector C where all nests had been numbered at the end of the incubation period. In order to avoid any disturbance, this sector was observed from a boat until departure of the young. Data were analysed using a two-way nested analysis of variance. The CJS model was rejected for the overall data set (RELEASE TEST 2; P < 0-01). The data were too heterogeneous and violated one or more conditions required for application of the CJS model. Following ground clearance of the central part of the island in 1984, a cause of major disturbance to the birds, a few ringed breeders moved to another area where they had a lower resighting probability. Therefore, these birds were removed from the data set. As a consequence, the analysis was carried on with 356 birds (Table 1) . Model ((t, Pt) was accepted for females (goodnessof-fit x25 = 14-64, P = 0-48) and model (Dt, Pt*m), which takes the effect of resighting (m) into account, was accepted for males (goodness-of-fit 13 = 9-13, P = 0-76).
Modelling survival
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ADULT BODY CONDITION
There was no significant difference in the mean head and bill lengths before and after the closure of the refuse tip, either for males (t158 = 1-68, P = 0-09) or for females (t!,7 = 0-09, P = 093). There was no difference in wing length between the two periods for both sexes (males t156 = 046, P = 065; females t,i7 = 1-03, P = 0-31). Thus, there was no change in the birds' body size after closure of the refuse tip. By contrast, after the closure of the refuse tip body weight decreased by 4.6% in males and by 4.7% in females (Table 4) .
PARAMETERS OF FECUNDITY Clutch size
In comparison to the 1983-88 study period, the annual mean clutch size decreased by 6-7% after closure of the tip. Clutch size did not vary in either one of these periods ( Table 5 ).
Production of young
There was no significant difference in the yearly production of young within the first or second periods. However, the annual mean number of young fledged per pair decreased by 48-9% in 1989 and 1990 (Table  5) .
BREEDING POPULATION NUMBERS, PROPORTION OF NON-BREEDERS, AGE OF BREEDERS
Between 1988 and 1993, numbers of pairs dropped from 1430 to 1040, indicating an annual multiplication After modelling resightings rates, a basic model (t + s + ts, Pt + male) was selected and used for modelling survival rates. For males, there was a resighting effect (mma,e) indicating that the resighting probability for individuals seen the previous year was greater than the resighting probability for males not seen the year before.
(D = survival probability, P = resighting probability. *DEV = deviance. Furness 1985) . In the present study, in agreement with these predictions, herring gulls reduced their breeding effort after a sudden decrease in food supplies. This led to a decrease in fecundity while the adult survival rate remained unchanged.
tnp = number of estimated parameters. $AIC = Akaike information criterion (Lebreton et al. 1992). ?r is a categorical variable that splits the years of study in two periods
